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Phloxine B blocked sperm penetration, but it allowed egg activation in the 
mussel, Mytilus edulis. Unfertilized oocytes (the first metaphase of meiosis) were 
inseminated in sea water containing 10 pM phloxine B for 10 minutes and then 
incubated in ordinary sea water. Most of them underwent meiotic division and 
developed to the pronuclear stage though they did not incorporate sperm. This 
result suggests that the fertilizing spermatozoa may induce egg activation independ-
ent of their fusing to the oocytes. 
INTRODUCTION 
A fertilizing spermatozoon stimulates egg activation during penetration into the 
egg. It is one of the most important problems on fertilization when the spermato-
zoon triggers egg activation in the fertilization process from sperm-egg attachment 
to sperm incorporation.. Is a signal transferred from the spermatozoon to the egg 
before, during or after gamete membrane fusion? 
Cytochalasin B blocks sperm incorporation into eggs, but it allows activation of 
sea urchin eggs (LoNGO, 1978; BYRD and PERRY, 1980). Egg Activation by sperm 
without sperm entry is also observed in voltage-clamped sea urchin eggs (LYNN and 
CHAMBERS, 1984; LYNN et al., 1988). If the sperm signal transfers before or 
independent of gamete membrane fusion, spermatozoa could activate eggs even 
under the presence of inhibitors of gamete membrane fusion. Fertilization in sea 
urchins and other several species is blocked by analogues of the anionic dye 
fluorescein. The dyes are considered to inhibit fertilization by preventing gamete 
membrane fusion (CARROLL and LEVITAN, 1978a, b; FINKEL et al., 1981). A 
proteinous substance released from Mytilus sperm at acrosome reaction activates 
oocytes parthenogenetically, inducing polar body formation (TAMAKI and OsANAI, 
1985). This fact seems to show that an egg-activating signal derived from sperm 
transfers to the egg independent of sperm-egg membrane fusion. These findings 
lead us to examine in the mussel whether sprmatozoa can induce egg activation 
under the presence of phloxine B, one of fluorescein analogues. 
1) Contribution from the Marine Biological Station, TOhoku University, No. 561. 
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MATERIAL AND METHOD 
Mature specimens of the marine mussel, Mytilus edulis, were collected in the 
months from November to April in Mutsu Bay, Aomori and kept in running sea 
water at about 10·c. Spawning of gametes was artificially induced by transferring 
specimens in warm sea water (20- 25.C) . Oocytes were discharged at the first 
metaphase of meiosis. Discharged oocytes were collected by suction and rinsed in 
filtered sea water several times with a hand centrifuge. Batches showing about 
100% fertilization rate were used for following experiments. The motility of sperm 
discharged in surrounding sea water was observed prior to use and only suspensions 
containing active sperm were used for insemination. 
Natural sea water was filtered through a paper filter, Whatman No.2, and used 
as experimental medium. Phloxine B was used to inhibit fertilization. Analogues 
of fluorescein, including phloxine B, are said to block fertilization by preventing 
sperm-egg menbrane fusion in sea urchins and several other animals (CARROLL and 
LEVITAN, 1978a, b; FINKEL et al., 1981). Phloxine B (Wako Pure Chemical Co.) 
was dissolved in distilled water as a stock solution (10 mM) and diluted in filtered 
sea water immediately before use. 
Unfertilized oocytes were preincubated in sea water containing phloxine B (0-
50 JlM) for 5 minutes and then inseminated by adding a few drop of sperm suspen-
siOn. At 10 minutes after insemination, the oocytes were transferred to ordinary sea 
water and allowed to develop at 1s·c . As a control, unfertilized oocytes were 
inseminated and allowed to develop in normal sea water. In other control, unfertil-
ized oocytes were suspended with sperm in normal sea water for 10 minutes and 
transferred to sea water containing phloxine B, in which they were allowed to 
develop. 
Polar body formation (meiosis) and cleavage (mitosis) were used as criteria of 
egg activation and fertilization. To detect changes of nuclei and chromosomes, 
oocytes were fixed in CARNOY's ethanol-acetic acid (3: 1) overnight, stained in 
aqueous solution of 50 JlMf ml 4', 6-diamino-2-phenylindol dihydrochloride (DAPI) 
for 20 minutes. The stained samples were observed with a fluorescence microscope. 
RESULTS 
Normal oocytes, which had been inseminated and allowed to develop in normal 
sea water, formed the first and second polar bodies 15 minutes and 40 minutes after 
insemination, respectively, and reached to the four-cell stage within 100 minutes 
after insemination (Figs. 1, 2) . 
To inhibit fertilization, unfertilized oocytes were inseminated in sea water 
containing phloxine B (0- 50 JlM) for 10 minutes and transferred to ordinary sea 
water. At 100 minutes after insemination, they were fixed for cytological examina-
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Fig. 1. Early stages of development in normally fert ilized eggs. A, unfertilized 
oocyte (the first metaphase of meiosis). B, secondary oocyte with the first polar 
body (p), 15 min after insemination. C, the second polar body is formed, 40 min 
after insemination. D, The polar lobe (1) appears at the vegetal pole, 70 min 
after insemination. E, two-cell stage, 80 min after insemination. F, four-cell 
stage, 100 min after insemination. Incubated at 1s·c . 
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tion. The results obtained in seven experiments are shown in Table l. The 
average values of cleavage and polar body formation are shown in Fig. 5 as a 
function to the concentration of phloxine B. 
The oocytes inseminated in sea water containing more than 20 Jl M phloxine B 
remained in unfertilized state. They did not show any sighn of egg activation as 
non-inseminated control placed in ordinary sea water. Oocytes inseminated in 
ordinary sea water for 10 minutes and incubated in sea water containing 20-50 JlM 
phloxine B for 90 minutes underwent polar body formation and cleavage. Because 
phloxine B did not prevent meiosis and mitosis, the failure of egg activation in 
phloxine B-treated oocytes may be attributed to the absence of fertilization. 
Less than 5 JlM phloxine B did not prevent fertilization. When oocytes were 
inseminated in less than 5 JlM phloxine B, the majority of them formed polar bodies 
and reached to the two or four-cell stage at 100 minutes after insemination. 
When oocytes inseminated in 7-20 JlM phloxine B, most of them extruded two 
polar bodies, but many eggs did not cleave even at 100 minutes after insemination 
(Fig. 5). Percentages of eggs remaining uncloven after meiosis are shown in Fig. 6. 
In the treatment with lO JlM phloxine, it was more than 60%. Cytological exami-
nation revealed that the uncloven eggs have a swollen nucleus (Fig. 4, A2). Incor-
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Fig. 2. Meiosis in normally fertilized eggs (fluorescence microscopy). The specimens 
were fixed in CARNOY's ethanol-acetic acid and stained with DAPI. A, unferti-
lized oocyte. B, 5 min after insemination. C, the first anaphase of meiosis, 10 
min after insemination. D, The second metaphase, 15 min after inseminat ion. 
E , the second anaphase, 30 min after insemination. F, the second polar body is 
extruded 40 min af ter insemination. The arrows indicate nuclei derived from 
sperm. 
Table l. 
Polar body formation and cleavage in phloxine B-treated oocytes 
Concentration Polar body formation (%)/ Cleavage (% ) 
of phloxine B Mean ± S.D.•• *( 1) (2) (3) (4) (5) (6) (7) 
0 JLM 100/ 100 96/ 96 99/ 99 100/ 100 98/ 96 100/ 97 100/ 100 99± 1/ 98 ± 2 
97/ 97 100/ 100 96/ 85 100/ 99 100/ 97 100/ 98 100/ 88 99 ± 2/ 95±5 
2 98/ 98 97/ 96 97/ 85 99/ 97 100/ 98 98/ 93 100/ 100 98± 1/ 95 ± 5 
5 92/ 92 92/ 77 96/ 79 100/ 98 99/ 86 100/ 81 100/ 97 97 ± 3/ 87 ± 8 
7 79/ 29 85/ 39 99/ 72 99/ 65 99/ 10 100/ 65 94 ± 8/ 47 ± 22 
10 59/ 1 60/ 6 78/ 1 99/ 51 84/ 15 98/ 6 98/ 35 82 ± 16/ 16 ± 18 
20 10/0 5/ 0 12/ 1 78/ 3 42/ 0 70/ 0 22/ 2 34 ± 28/ 1 ± 1 
50 3/ 0 2/ 0 3/0 10/ 0 5/ 0 4/ 1 4/ 0 4±2/ 0 
• Number of experiments ** Sandard diviation 
Unfertilized oocytes were inseminated in sea water containing 0- 50 ,uM phloxine B. They 
were transferred to normal sea water 10 min af ter insemination and fixed 100 min after 
insemination. 
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Fig. 3. Polar bodies formed in phloxine B-treated oocytes (fluorescence microscpy). 
Second metaphase (1) and anaphase (2) in cont rol (normally fertilized) eggs (A) 
and in phloxine B-t reated oocytes (B), 30 min after insemination. The arrows 
indicate nuclei derived from sperm. 
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porated sperm nuclei were not found even during meiotic stages at 30 minutes after 
insemination (Fig. 3B). In the meiotic stage of normally fertilized oocytes the 
nucleus derived from the penetrated sperm was found in the periphery of oocytes 
apart from the meiotic nucleus (Figs. 2 and 3A). The failure of the sperm nucleus 
in the phloxine B-treated oocytes is due to the absence of sperm penetration. The 
swollen nucleus shown in Fig. 4, A2 seems to be a female pronucleus, not a zygote 
nucleus. 
The present examination shows that phloxine B can inhibit sperm penetration, 
but that it allows egg activation by sperm. This resul t suggests that a fer tilizing 
spermatozoon triggers egg activation without penetrating into the egg. 
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Fig. 4. Phloxine B-treated oocyte, bright field (A1) and fluorescence (A2) microscopy. 
The oocyte extruded two polar bodies, but did not undergo cleavage. 100 min 
after insemination. The control (normally fertilized) egg reached to the 4-cell 
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Fig. 5. Cleavage (A) and polar body formation (B) in phloxine B-treated oocytes. 
Unfertilized oocytes were incubated with sperm in sea water containing phloxine 
B for 10 min and then placed in normal sea wate for 90 min. Counted in fixed and 
DAPI-stained specimens. The vertical bars indicate the range of standard divia-
t ion. 
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Fig. 6. Percentages of eggs which formed polar bodies, but did not undergo cleavage 
(B - A in F ig. 5) . The vertical bars indicate the range of standard diviation. 
DISCUSSION 
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The present examination revealed that phloxine B (7- 20 ,t.tM) inhibits sperm 
incorporation, but it allows egg activation in Mytilus edulis. Egg activation by 
sperm without sperm entry was also observed in cytochalasin-treated or voltage-
clamped eggs of sea urchins. Cytochalasin B blocks the penetration of fertilizing 
sperm, but eggs undergo fertilization envelope formation (LoNGO, 1978; BRYD and 
PERRY, 1980). When the membrane potential is clamped at values more negative 
than ~ 30 m V, the eggs formed the fertilization envelope though sperm penetration 
is inhibited (LYNN and CHAMBERS, 1984, 1988). These findings raise the concept 
that egg activation by sperm could result from some pre-fusion events and hence that 
sperm-egg fusion would not be a prerequisite for the triggering of development 
(BRYD and PERRY, 1980). In voltage-clamped eggs, sperm-induced transient cur-
rents are recorded in spite of the absence of sperm penetration (LYNN and 
CHAMBERS, 1988). This fact leads an alternative hypothesis that the transient 
labile fusion occurs between the acrosomal process membrane and the egg membrane, 
but this labile fusion state reverts before consolidation in cytochalasin-treated or 
voltage-clamped eggs (WHITAKER et al., 1989). 
Fluorescein dyes are said to inhibit fertilization by preventing gamete mem-
brane fusion in sea urchins (CARROLL and LEVITAN, 1978a ; FINKEL et al., 1981). 
It is not ascertained whether phloxine B exactly inhibits sperm-egg membrane 
fusion in Mytilus. In Mytilus oocytes external application of sperm substances 
induces the resumption of meiosis (TAMAKI and OsANAI, 1985). Activation without 
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sperm incorporation in phloxine-treated oocytes suggests that a fertilizing spermat-
ozoon may trigger egg activation independent of sperm-egg membrane fusion. 
Interphylum cross-fertilization between sea urchin eggs and pelecypod sperm shows 
that membrane fusion dose not lead egg activation. The sea"urchin eggs incorporate 
foreign spermatozoa with membrane fusion, but they do not initiate to develop 
(OsANAI and KYozuKA, 1982, 1985). These findings support the hypothesis that 
molecules exposed on the sperm surface after sperm acrosome reaction interact with 
the egg to set in motion the chain of events leading to egg activation (GouLD and 
STEPHANO, 1989). 
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